Gram-stain-negative, pectinolytic bacteria were repeatedly isolated from pear trees displaying symptoms of bleeding canker in China. Three strains, JS5
The genus Dickeya was described by Samson et al. (2005) and six species were established, namely Dickeya chrysanthemi, D. dadantii, D. dianthicola, D. dieffenbachiae, D. paradisiaca and D. zeae, on the basis of DNA-DNA hybridization, numerical taxonomy and 16S rRNA genebased phylogenetic analyses. The identity of the genus was supported by the analysis of the nucleotide sequences of the chaperone dnaJ (Nhung et al., 2007) . Subsequent revision of this group led to the further reclassification of D. dieffenbachiae as a subspecies of D. dadantii (Brady et al., 2012) . Recently, isolates from European potatoes were classified in the genus Dickeya (Slawiak et al., 2009) , and were considered to represent a novel species, Dickeya solani (van der Wolf et al., 2014) . Furthermore, three isolates (174/2 T , 181/ 2 and Dw054) from different waterways in the UK and Finland have been classified as representatives of a novel species, Dickeya aquatica .
Bleeding canker of tree trunks is a devastating disease of pear trees (Pyrus pyrifolia) and was first observed in China in the early 1970s (Yin & Xu, 1973; Fig. S1 ). In the initial stage of the disease, there are no obvious symptoms on the surface of the bark but during disease development, the Abbreviations: ANI, average nucleotide identity; MLST, multilocus sequence typing; IGS, intergenic spacer.
The GenBank/EMBL/DDBJ accession numbers for the sequences of the intergenic spacer region (IGS) and housekeeping genes of the species of the genus Dickeya used for the multilocus sequence analysis are: KT992693-KT992696 (recA), KT992697-KT992700 (fusA), KT992701-KT992704 (gapA), KT992705-KT992708 (purA), KT992709-KT992712 (rplB), KT992713-KT992716 (dnaX), KT992717-KT992720 (IGS). The accession numbers for the 16S rRNA gene sequences of Dickeya fangzhongdai JS5 T , LN1 and QZH3 are KT992690, KT992691 and KT992692, respectively. The accession numbers of other species of the genus Dickeya determined in this study are listed in bark turns brown. Bacterial ooze mixed with tree sap, usually with a strong yeasty smell, oozes from the putrid bark which oxidizes to a red colour, and hence the name bleeding canker. If seriously infected, the tree withers and dies rapidly. To date, bleeding canker of pear tree has been reported in Jiangsu, Zhejiang and Shandong provinces in China (Yin & Xu, 1973; Kou & Wang, 2006) . However, the pathogen of bleeding canker was identified only as Erwinia sp. when the disease was originally reported. The original isolate identified as Erwinia sp. could not be revived due to its time in storage. This is the first detailed description of the causal agent of bleeding canker of pear tree.
From 2009-2010, numerous pectinolytic Gram-negative bacteria were repeatedly isolated from symptomatic pear trees in China. To confirm the classification of these bacteria, isolates JS5
T , LN1 and QZH3 from different regions of China were selected for further characterization in this study. JS5
T , LN1 and QZH3 displayed positive hypersensitivity reactions on Nicotiana tabacum (Fig. S2 ) and caused bleeding canker disease on pear trees following reinoculation in preliminary pathogenicity tests (data not shown). In this study, a phylogenetic tree based on 16S rRNA gene sequences was generated and included all related genera within the family Enterobacteriaceae. The three strains, JS5
T , LN1 and QZH3, shared identical 16S rRNA gene sequences and were clearly members of the genus Dickeya (Fig. S3 ).
To further define the taxonomic position of the causal agent of bleeding canker of pear tree, the whole genome sequence of strain JS5
T was sequenced using paired-end Illumina HiSeq sequencing technology with True Seq version 3 chemistry (Majorbio). This resulted in 148 contigs with an N 50 the shortest assembled sequence length at 50% of the genome of 111 371 bp and an N 90 the shortest assembled sequence length at 90% of the genome of 36 275 bp, and genome size of 5 027 163 bp at 150Â coverage. The taxonomic position of this pathogen was clarified based on phenotypic characteristics, average nucleotide identity (ANI) values and multi-locus sequence typing (MLST) analyses.
ANI represents a means of measuring identity/similarity between homologous genomic regions shared by two Fig. 1 . Original tree of concatenated recA, fusA, gapA, purA, rplB, dnaX and IGS sequences of 16 members of the genus Dickeya belonging to different species. The maximum-likelihood method, together with nearest-neighbour-interchange as a heuristic method, was used to improve the likelihood of the tree. Bootstrap percentages were calculated based on 1000 replicates. The GenBank/EMBL/DDJB accession numbers of the genus Dickeya determined in this study are listed in Table S1 .
genomes, and has been demonstrated to be the best approach to replace DNA-DNA hybridization to determine the genetic relatedness between two related microorganisms. The approach evaluates a large number of genes in the calculation, including both slow-and fast-evolving genes, and thus minimizes the effect of variable evolutionary rates or horizontal gene transfer events (Konstantinidis & Tiedje, 2005) . In this study, ANI was calculated using the JSpecies software (Richter & Rosselló-Móra, 2009 ) with the Nucleotide MUMmer algorithm (NUCmer) and default parameter settings. The degree of pairwise genome-based relatedness was calculated as an ANI value following the ANI calculation method described by Goris et al. (2007) . ANI was calculated based on comparisons between the type strain JS5
T and other published Dickeya genomes (Table S2 ). The ANI values for strains within each species studied always exceeded 0.96. In contrast, the ANI values between strain JS5
T and other members of the genus Dickeya were 93.28-84.28 %, falling below the recommended boundary for species delineation of 95-96 % (Richter & Rosselló-Móra, 2009 ).
To further confirm the distinctiveness of the three strains within the genus Dickeya, multilocus sequence typing (MLST) analysis was carried out on these strains, together with isolates from all other species of the genus Dickeya, using seven housekeeping gene loci: recA (Fig. S4) (Waleron et al., 2002) , dnaX (Sławiak et al., 2009) , IGS sequences (Fessehaie et al., 2002) , fusA, gapA, purA and rplB (van der Wolf et al., 2014). The PCR amplification reactions for MLST were carried out using the primers listed in Table S3 , and sequencing of the housekeeping genes was done (Lejin) using the ABI Sanger sequencing system. The forward and reverse sequences were trimmed and assembled to form a consensus sequence covering partial or entire regions. Sequences of seven different housekeeping genes were aligned using CLUSTAL W (Larkin et al., 2007) . Phylogenetic trees were generated for the concatenated sequence data (Fig. 1) using the maximum-likelihood method (MEGA5; Centre for Evolutionary Functional Genomics) (Tamura et al., 2011) . Gaps or undetermined data in the alignment were excluded when site coverage was below 95 %. Bootstrap percentages were calculated based on 1000 replicates. This resolution phylogeny placed the three strains (JS5 T , LN1 and QZH3) as a distinct clade separated by a long branch-length from all recognized species of the genus Dickeya, which provided evidence for the genetic distinctiveness of these strains and warranted their classification as representing a new taxon.
To further confirm the distinctiveness of the strains isolated from symptomatic pear trees in China within the genus Dickeya, biochemical analyses were undertaken using the GEN III MicroPlate system (Biolog), which provides 71 carbon source utilization assays and 23 chemical sensitivity assays. Plates were inoculated according to the manufacturer's recommendations and incubated at 28 C. The biochemical tests (Table 1 ) used were as previously selected for differential identification of Dickeya species (Samson et al., 2005; Slawiak et al., 2009; van der Wolf et al., 2014; Parkinson et al., 2014) . Biochemical reactions were carried out for all three strains (JS5 T , LN1 and QZH3). Casein solubilization was determined by streak inoculation onto nutrient agar containing 10 % skimmed milk powder, and clear zones were recorded after incubation for 48 h at 28 C. The results of the biochemical analyses indicated that strains JS5
T , LN1 and QZH3 were distinct from all species of the genus Dickeya by failing to hydrolyse casein, and by producing acids from (À)-D-arabinose, (+)melibiose, (+)raffinose, mannitol and myo-inositol, but not from 5-keto-Dgluconate or b-gentiobiose (Table 1) . 
Whole-cell fatty acids were analysed as fatty acid methyl esters with the MIDI Microbial Identification system. The cultures were incubated for 24 h at 28 C on tryptone soy agar medium. Fatty acid methyl ester profile analysis was performed according to the protocol of Stead et al. (1992) . C 16 : 1 !7c/C 16 : 1 !6c, C 16 : 0 and C 18 : 1 !7c were the predominant fatty acids, with significant amounts of C 12 : 0, C 14 : 0, C 13 : 0 3-OH/iso-C 15 : 1 H and C 14 : 0 3-OH/iso-C 16 : 1 I ( Table 2 ).
The pear tree isolates investigated in this study form a single novel taxon in the genus Dickeya that can be differentiated from existing species based on both phenotypic and chemotaxonomic analyses, for which the name Dickeya fangzhongda sp. nov. is proposed.
Description of Dickeya fangzhongdai sp. nov. 
